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Two different groups of subjects had to adjust two-dimensional stimuli, differing in size, shape and
type (dot patterns or irregular contour figures), within a reference circle. The two groups
performed under two different instructions. The first instruction stressed matching the centres of
the stimulus and the circle, while the second required simply positioning the test stimulus in the
middle of the reference circle. In two control experiments the subjects had to determine the position
of the centres of each stimulus and of the reference circle. Under the first instruction the accuracy of
performance, estimated by the variance of the responses, depended on the stimulus size, shape and
type in agreement with previous results and models of relative localization. Under the second
instruction, however, accuracy remained invariant. Possible mechanisms of relative localization
that might differ at their first stages of localization of the separate stimuli are considered. Copyright
O 1996 Published by Elsevier Science Ltd.
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INTRODUCTION
The ability of the visual system to determine the relative
position of objects with great accuracy has long been a
subject of research interest. Two main classes of models
for explaining the experimental results have been
proposed.
The first class of models are the so called “channel
models” (Burbeck, 1987) or “simple single filter
models” (Levi & Klein, 1992). The key notion of this
class of models is that the visual system is equippedwith
a set of size-tuned filtersand that the separationbetween
two objects, i.e. their relative position, is encoded by
filters large enough to be simultaneouslystimulated by
the objects. This class of models can account for the
localization of objects at small separations, but it
encounters several difficultiesat large separation.
The second class of models is based on the theory of
local sign (Lotze, 1885).The general notion is that filters
in the visual system convey information not only about
spatial frequency and orientation, but also about their
receptive field position. It is also supposed that each
target is localized by a separate filter and the derived
positionsare compared at a second stage (Klein & Levi,
1987; Morgan & Regan, 1987; Burbeck & Yap, 1990;
Wilson, 1991; Morgan, 1991).
A modificationof the local sign models that could best
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explain the independenceof relative localizationestima-
tion on the spatial frequency,polarity of contrast, colour
and orientationof targets has been proposed (Morgan, et
al., 1990). It is supposed that the positional information
of lower order units of diverse type is pooled by “second
stage” units (called “eclectic units”) with large receptive
fields. As a result of the spatial inforniation pooling by
the eclectic units, the position of complex objects with
spatially separated elements is represented by their
centroids. The relative position of targets is derived by
a measurement or comparison of the positions deter-
mined by the eclectic units.
The data from experiments with different relative
localization tasks (Ward et al., 1985; Toet et al., 1988;
Whitaker & Walker, 1988; Hess & Holliday, 1992;
Whitaker & MacVeigh, 1992) suggest selection of
differentstimulusinformationdependingon the stimulus
characteristicsand adopted strategy.Different character-
istics of the stimulation or of its internal representation
could be considered to determine relative localization
dependingon the stimuli and/or the task.
In most experiments on relative localization the
stimulus position has been varied in one dimension, i.e.
the taskshad one degreeof freedom.The only exceptions
(to our knowledge) are the experiments of Meer and
Zeevi (1989) on two-dimensionalvernierjudgement and
of Jiang and Levi (1991) on two-dimensional spatial-
interval discrimination (bisection). These authors have
shown that the accuracy in performing tasks with two
degreesof freedom (taskswhere positionis varied in two
dimensions) is lower than that with one degree of
freedom.
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The present paper reports the results of two experi-
ment where the task of relative localizationconsistedof
positioning a two-dimensional test stimulus within a
reference circle. Two groups of subjects were given
different instructions how to position the test stimulus
within the reference circle. In the first case, the observers
were explicitly asked to match the centre of the test
stimulus with the centre of the reference circle. In the
second,the subjecthad simplyto adjustthe stimuliso that
they would appear
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FIGURE 1. The test stimuli used in the experiments.D = dot patterns
and C = contour polygons.
without referring to any particular local characteristicsof
the circle or the stimulus.
METHOD
Subjects
Twenty subjects with normal or corrected to normal
vision, aged 20-53 years, were paid to participate in the
experiments. They were divided in two groups of eight
female and two male subjects. One group took part in
Experiment 1 and the other in Experiment 2.
Stimuli
To obtain more informationabout the mechanismsand
the stimulus characteristics that determine the perfor-
mance in the relative localization task, stimuli of
different overall shape, size and type were used. The
four dot patterns, shown in Fig. 1 were used as primary
stimuli.Two of them (DI and D2) had a convex overall
shape and the other two (D3 and D4) were concave. The
patternsconsistedof 32 dots.Fourcontourpolygonswere
derived from the dot patternsby connectingthe dots that
laid on the virtual contour of the patterns so that the
overall shape of the stimuli remained unchanged. The
derivedconvex (Cl and C2) and concavecontour figures
(C3 and C4) are also shown in Fig. 1.
The stimuli were presented on the screen of an IBM
PC/AT in a 320 x 200 resolution mode. A circular
aperture with a diameter of 12 ang deg determined the
visible part of the screen. The stimulus set consisted of
the dotted and contour figures Dl, D2, D3, D4, Cl, C2,
C3, C4 and their twice magnifiedversionswhere D stands
for dot pattern and C for contour figure. The maximal
extent of the stimuli of the smaller size was between 2.5
and 4 ang deg. The whole set of stimuli consisted of 16
patterns.
Procedure
The experiments took place in a dimly lit room. The
subjectssat in front of the screen at a distanceof approx.
0.8 m. The two main experimentswere followed by two
control experiments.
The subjects participating in Experiment 1 were
instructed to match the centre of the stimuli with the
centre of the circular aperture. In Experiment 2 the
subjectshad simply to adjust each stimulusin the middle
of the aperture.In the two experimentseach stimuluswas
presented three times to each subject in a random order.
All subjects participated in Control Experiment 1.
Their task was to adjust a dot in the centre of the circular
aperture.Each subjectmade 15 estimatesfor the position
of the circular aperture centre.
Five randomlychosen subjectsof each group took part
in ControlExperiment2. Their task was to adjust a dot in
the centre of the test stimuli. The circular aperture was
removed. Each subject indicated the centre of each
stimuluseight times.
To adjust the stimulus(in Experiments 1 and 2) or the
dot (in Control Experiments 1 and 2) at the desired
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position, the observers could displace them in four main
directions—horizontal, vertical and the two 45 deg
obliquedirections,by means of fourkeys of the computer
keyboard. The displacement step in each direction was
3.6 ang min. When the subject was satisfiedwith her/his
performance she/he pressed a key to store the co-
ordinates of the centroid of the adjusted stimulus or the
co-ordinates of the adjusted dot for further processing,
and to initiate the next stimuluspresentation.
RESULTSAND DISCUSSION
ControlExperiment 1
There were no significant differences between the
mean estimated position of the aperture centre and its
physical centre. The variances of the estimates were
homogeneous in all directions, i.e. the two-dimensional
distributionof the estimateswas circular.
ControlExperiment 2
The results from this experiment replicated earlier
results obtainedwith the same stimuli (Vos et al., 1993).
The variance in determining the centre of the stimuli
increased with the increase of the stimulus size. The
variance was larger for dot patterns as compared to
contour patterns with the same overall shape and size.
The distributions of the estimate were elliptical with
maximal variance along the axis of symmetry or the axis
of elongation and with minimal variance—in a perpen-
diculardirection.Such an effecthas been demonstratedin
previous studies as well (Yakimoff et al., 1990; Vos et
al., 1993).
Experiment 1
As the subjects were instructed to match the stimulus
centre with the centre of the aperture, we compared the
position of the perceived centre in the adjusted figures
with the perceived centre of the circular aperture
(obtainedin ControlExperiment 1).The perceivedcentre
of the adjusted stimuliwas representedby the median of
the distributions of the estimates obtained in Control
Experiment2. Hotteling’s~ test (Wirier,1971,p.54)was
used. The difference between the mean positions of the
perceived centres of the stimuli and the aperturewas not
significantly different from zero for 12 out of the 16
stimuli at P = 0.01.
On the basis of the resultsof ControlExperiment1,we
used the physicalcoordinatesof the aperturecentre in the
subsequent analyses. The position of the following
characteristic points of the stimuli were compared with
the coordinatesof the aperturecentre: (i) the centroid(the
centre of gravity) determined by the area of the figures
(for the dot patterns this is a point with coordinatesequal
to the mean value of theX- and Y-coordinatesof the dots
forming the patterns); (ii) the centroid determinedby the
virtual or the real contourof the figures;(iii) the centroid
determined by the vertices of the contour polygons
representing the stimuli; and (iv) the midpoint of the
rectangle enclosing the stimuli. A modification of the
Hotteling’s ~ test (comparison with a constant) was
used.
The resultsshowedthat it was the centroid,determined
by the contour of the figures that best describes the
performance. The difference between the mean position
of the contour determinedcentroid of the stimuli and the
position of the aperture centre was not significantly
different from zero for 15 out. of the 16 stimuli at
P = 0.01.
The two-dimensional distributions of the centroid
positionsobtained during the performance of the task in
Experiment 1 could not be regarded as circular for 15 out
of the 16 stimuli as revealed by F statistics at P = 0.05
(Wirier, 1971). The maximal and the minimal variances
obtained for each adjusted stimulusare presented in Fig.
2. The minimal variances for the whole set could be
regarded as homogeneous,while the maximal variances
differed for the different stimuli. To verify this observa-
tion the data were analysed using Cochran’s test of
homogeneityof variance.The maximalvariancesproved
to be inhomogeneous (C = 0.1426, CCrit= 0.1251
(d~= 15,36,P = 0.01)). They were affected by the type
(concave or convex) and the size of the test stimuli (see
Fig. 2). There were no statisticalreasonsto reject the null
hypothesis for homogeneity of the minimal variance at
P = 0.01 (c = 0.0974).
If the observersfollowed strictly the instructionand if
the performance of the task was determined by a two-
stage process involving “eclectic units”:
(i) the variance of the estimates should replicate the
weighted average of the variances with which the
positions of the stimulus and aperture centres were
determined in Control Experiments 1 and 2;
(ii) some additional “noise” may increase to the
estimated variances if the relative position of the two
stimuli i~ evaluated after a stage of position compar-
ison.
The weighted average of the sample variances in the
controlexperimentswas calculatedfor each stimulusand
was also represented in Fig. 2. The standard deviations
obtained experimentally and the calculated standard
deviations showed a similar trend. The experimentally
determined standard deviations were larger than the
calculated ones. The difference between them might,
however, be regarded as constant for the whole set of
stimuli (Kolmogorov–Smirnov’stest for uniform dis-
tribution,z = 0.919; P = 0.367 for the difference in the
maximal and z = 0.685; P = 0.736 for the difference in
the minimal standard deviations).
The results of Experiment 1 support the predictionsof
the model of relative localization based on a two-stage
process of determining and comparing the positions of
their centres.
Experiment 2
In Experiment 1 the task of matchingthe centres of the
test stimuli and the circular aperture presumed two
stages, i.e. determination of the centres of the stimulus
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FIGURE2. The minimaland the maximalvariancesof the adjustedpositionsof the centroidsof the test stimuliunderthe task of
matchingthe centre of the stimuliwith the centre of the circular aperture(Experiment1) are shownwith crosses connectedwith
solid lines. Triangles and dashedlines depict the values of the variances as predictedfrom the results of ControlExperiments1
and 2.
and the aperture and comparison of their relative
positions. In Experiment 2 it was presumed that the test
stimulus and the aperture would be adjusted relative to
each other as holistic structures.
The positionof the same stimuluscharacteristicpoints
as in Experiment 1was.comparedwith the positionof the
aperture centre. Here again, Hotteling’s ~ test showed
the contour centroid to be the best determinant of task
performance. The difference between the mean position
of the contour determined centroid of the stimuli andthe
position of the aperture centre could be regarded as zero
for 12 of the 16 stimuli at P = 0.01.
The F statisticsrevealed that 12 of the 16 distributions
could not be regarded as circular at P = 0.05. Cochran’s
test, however, showed that the null hypothesis of
homogeneity of the variances for the whole set of test
stimuli could be accepted at P = 0.01 for both the
maximal and the minimal variances [C = 0.0973 for the
maximal and C = 0.1208 for the minimal variances;
CCrit= 0.1251(d~= 15,36)].From Fig. 3 it is clearly seen
that neither the size, nor the type (dotted or contour,
convex or concave) of the test stimuli had a significant
effect on the variance of the estimates when the
observer’s task was to adjust the test stimulus in the
middleof the aperture.This findingis not consistentwith
any of the predictions based on the experimental
evidence and the available theoreticalmodels of relative
localization.
DISCUSSION
In the presentwork, we studiedthe relativelocalization
of stimuliwith respect to a reference stimulus(a circular
aperture).The adjustmentprocedurewith two degreesof
freedom allowed us to investigate the task performance
more thoroughly and to test some predictions of the
models for relative localization. Although the two
experimentswere performed with the same stimulus set
and procedure, different verbal instructions led to
different results. In both experiments the test stimuli
were positionedinsidethe aperture in such a way that the
centroidsdeterminedby their contourmatched the centre
of the reference aperture.
The variances of the distributions of the adjusted
stimulus relative position, however, showed significant
differences in the two experiments. In Experiment 1 the
variance depended significantly on the stimulus char-
acteristics. The significant influence of the size and the
type of the stimuli could be predicted on the basis of
previous results and theoretical considerations(Morgan
et al., 1990; Yakimoff et al., 1990; Morgan &
Glennerster,1991;Vos et al., 1993).A two-stageprocess
of determinationand comparison of the positionsof the
stimulus centroids (Morgan & Glennerster, 1991) might
underlie the perceived relative location of the stimuli in
Experiment 1.
In Experiment 2, however, the variance of the results
was independent of the stimulus characteristics. The
different performance of the subjects in Experiments 1
and 2 (Figs 2 and 3) stronglysuggestsa difference in the
mechanisms underlying relative localization in the two
experiments.
The available models could not explain the indepen-
dence of the variance of the stimulus characteristics in
Experiment 2. A mechanism that could underlie the
performance should provide for the coincidence of the
aperturecentre and the centres determinedby the contour
of the test stimuli, as well as independence of the
variance of the test stimuluscharacteristics.
A possible mechanism could be based on an image
analysis process using the low statistical moments
representing the stimuli (Horn, 1986). The test and the
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FIGURE 3. Minimal and maximal variances of the adjusted positions of the centroids of the test stimuli under the task of
adjusting the test stimulus in the middle of the circular aperture (Experiment2).
reference stimuli might be considered internally repre-
sented by “ellipses” with area, centroid and orientation
equivalentto thoseof the stimuli. In such a representation
the effect of local features is reduced and the relative
position of the stimuli could be evaluated by comparing
the distances between the contours of the ellipses
representing the internal images of the test stimulus and
the reference circle.
The present results suggest that the stimulus centroid
affects perceived relative location, but this does not
necessarily imply a mechanism explicitly determining
centroid positions. It seems that, depending on the task,
different primary mechanisms could underlie the locali-
zation of individualstimuli.Other holisticfeatures,based
on boundary information (e.g. stimulus shape or its
internal representation)should not be ruled out either.
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